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$e$f$\mathrm{i}$g $\epsilon\log$ ($\exp[\frac{U}{\epsilon}$. $]+ \exp[\frac{V}{\epsilon}]+\cdot$ . . $+ \exp[\frac{\mathrm{T}\mathrm{f}^{I},}{\epsilon}])=\mathrm{l}\mathrm{n}\mathrm{a}\mathrm{x}(U, V, . . . , W)$ (1)
,
$[2, 4]$ . , (1y .
.
1





$H(Q, P)=$ clog $( \sum_{(j,k)}a$ ($j$ ,k) $\exp[\frac{jQ+k^{n}P}{\epsilon}$]) $’$. (3)
$\epsilon>0$ . $a_{(j,k)}$ .
. ( , .
, )






$\circ$ $(0, 0)$ .
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$H_{\Gamma 1}(Q, P)$ $=$ $\epsilon\log\{++++++$
$1\cdot\exp[(-1,-1)\cdot(Q,P)/\epsilon]2\cdot\exp[(0,-1)\cdot(Q,P)/\epsilon]2\cdot\exp[(-1,0)\cdot(Q,P)/\epsilon]1\cdot\exp[(1,-1)\cdot(Q,P)/\epsilon]1\cdot\exp[(-1,1)(Q,P)/\epsilon]1\cdot\exp[(1,0)(Q,P)/\epsilon]1\cdot\exp[(0,1)\cdot(Q,P)/\epsilon]|$
: (4)












$E_{\delta}$ $E_{\delta}\phi(t)\neg-\phi(t+\delta)$ . $\delta$ .
. ( )
1. $H$ (Q, $P$ ) $(Q, P)\in \mathrm{R}^{2}$ .




$\frac{dQ}{dt}=..\frac{\partial H}{\partial P}$ , $\frac{dP}{dt}=-\frac{\partial H}{\partial Q}$ ,














$(Q, P, H, F, G)\mapsto(q, p, h, f, g)$ :
$\{$
$q$ $=$ $\exp[Q/\epsilon]$ ,
$p$ $=$ $\exp[P/\epsilon]$ ,
$h(q,p)$ $=$ $\exp[H(Q, P)/\epsilon]$ ,
$f(q,p)$ $=$ $\mathrm{e}\mathrm{x}$p[F(Q, $P)/\epsilon$],
$g(q,p)$ $=$ $\exp[G(Q, P)/\epsilon]$ ,
(7)
(6) $f$ ( q, $p$), $g$ (q, $p$) .
$\{$
$\xi$ (q, $p$ ) $\frac{\partial f}{\partial q}+\eta(q,p)\frac{\partial f}{\partial p}=\xi$ (f, $g$ ),
$\xi$ (q, $p$ ) $\frac{\partial g}{\partial q}+\eta(q,p)\frac{\partial g}{\partial p}=\eta(f)g)$ ,
$h(q,p)=h(f, g)$ .
(8)
$\xi$ and $\eta$ .
\mbox{\boldmath $\xi$}(9 $p$ ) $=$ $clp \frac{\partial f\iota(q,\prime p)}{\partial p}.$ ,









$\xi_{\Gamma 1}(q,p)=qp\frac{\partial h_{\Gamma 1}}{\partial p}$ , $\eta_{1^{\urcorner}1}(q,p)=-qp\frac{\partial h_{\Gamma 1}}{\partial q}$ .
$\xi_{\Gamma 1}$
$\eta_{\Gamma 1}$ (8) ,
$\{$
$\xi_{\Gamma 1}(q,p)\frac{\partial f}{\partial q}+$ 77r1 $(q,p) \frac{\partial f}{\partial p}=\xi_{\Gamma}$l $(f, g)$ ,
$\xi_{\Gamma 1}(q,p).\frac{\partial g}{\partial q}+\eta$rl $(q,p) \frac{\partial g}{\partial p}=\eta$r1 $(f, g)$ ,
$h_{\Gamma 1}(q,p)=h_{\Gamma 1}(f, g)$ .
25
.
$f=p$ , $g= \frac{p+1}{q}$ .
.
$E_{\delta}q=p$ , $E_{\delta}p= \frac{p+1}{q}$ .
(7)




$f_{l_{\Gamma 2}}(q, p)=q+ \frac{q}{p}+\frac{2}{p}+\frac{1}{qp}+\frac{3}{q}+\frac{3p}{q}+\frac{p^{2}}{q}+2p$ ,
, .
$\xi$12 $(q,p)=qp \frac{\partial h_{\Gamma 2}}{\partial p}$., $\eta$I2(q, $p$ ) $=-qp$ $\frac{\partial l\iota_{\Gamma 2}}{\partial q}$ .
$\xi_{\Gamma 2}$ and $\eta_{\Gamma 2}$ (8) ,
$\{$
$\xi$r2 $(q,p) \frac{\partial f}{\partial q}+\eta_{\Gamma 2}(q,p)\frac{\partial f}{\partial p}=\xi_{\Gamma}$2 $(f, g)$ ,
$\xi$I2 $(q,p) \frac{\partial g}{\partial q}+\eta_{\Gamma 2}(q,p)\frac{\partial g}{\partial p}=\eta$r2 $(f, g)$ ,
$h_{\Gamma 2}(q,p)=h_{\Gamma 2}(f, g)$ .
.
$f= \frac{p(q+p+1)}{q}$ , $g= \frac{p+1}{q}$ .
$E_{\delta}q= \frac{p(q+p+1)}{q}$ , $E_{\delta}p= \frac{p+1}{q}$ ,
(7)






$\bullet h_{\Gamma 3}=q+qp^{-1}+$ p$–1+q-1p+p$ .
$f= \frac{p}{q(q+p+1)}$ , $g= \frac{1}{q+p}$ .
$\mathrm{o}h_{\Gamma 4}=qp+2p^{-1}+q^{-1}p^{-3}+4q^{-1}p^{-2}+6q^{-1}p^{-1}+4q^{-1}+q-1p$ $+2p.$
$f= \frac{p(qp^{2}+(p+1)^{2})^{2}}{(p+1)^{4}}$ , $g= \frac{(p+1)^{2}}{qp^{2}}$ .
$\mathrm{o}h_{\Gamma 5}=q+qp^{-1}+2p^{-1}+q^{-1}p^{-1}+q^{-1}+p$.
$f= \frac{qp}{q+1}$ , $g= \frac{qp+q+1}{q(q+1)}$ .
$\bullet h_{\Gamma 6}=q+p^{-1}+q-1+qp.$
$f= \frac{p}{qp+1}$ , $g= \frac{1}{qp}$ .
$\mathrm{o}h_{\Gamma 7}=qp+p^{-1}+q$ $-1p-1+p$ $+q$p2.




$\epsilonarrow+0$ . (1) (4) (5)
$H$r1 $(Q, P)$ $=$ nlax(Q, $Q-P,$ $-P,$ $-Q-P,$ $-Q,$ $-Q+P,$ $P$),
$H_{\Gamma 2}(Q, P)$ $=$ lnax(Q, $Q-P,$ $-P,$ $-Q-P,$ $-Q,$ $-Q+P,$ $-Q+2P,$ $P$),
as $\epsilonarrow+$O.




and for $H_{\Gamma 2}(Q, P)$ ,
$\{$
$E_{\delta}Q=P+1\mathrm{n}\mathrm{a}\mathrm{x}(Q, P, 0)-Q$ ,





(polar set) [5] . ( , $\Gamma$
,
)
1. $\Gamma(h_{i})$ 2 . 2
. ,
.
2. , 2 2 3
.
3. 3 , —




$\Gamma 1$ $\Gamma 2$ 2 -
. $\Gamma$
$\{(Q, P)|H_{1^{\urcorner}}(Q, P)=1\}=$ the boundary of I $\Delta$ .
.
, $\Gamma^{\Delta}$ .
, . $H_{\Gamma}(\lambda Q\}\lambda P)=$














$\{(Q)P)\in \mathrm{Z}^{2}|H_{\Gamma 1}(Q, P)=1\}$ $=$ $\partial$F1 $\Delta\cap$ Z2
$=$ $\{(1,0), (0, -1), (-1,0), (0,1), (1,1)\}$ .
$(1, 0)\mapsto(0, -1)\mapsto(-1,0)\mapsto(0,1)\mapsto$ $(1,1)\mapsto(1,0)$ ,
. , $\Phi(Q_{0}, P_{0})$ Fl 1
. $(Q_{0}, P_{0})$ $\Gamma 1^{\Delta}\cap \mathrm{Z}^{2}$ .
$\Phi(1,0)=\{$
$(1, 0)$ , $t/\delta\equiv 0$ (lnod 5),
$(0,$ $-1)$ , $t/\delta\equiv 1$ (mod 5),
(-1, 0), $t/\delta\equiv 2$ (lnod 5),
$(0, 1)$ , $t/\delta\equiv 3$ (mod 5),
$(1, 1)$ , $t/\delta\equiv 4$ (mod 5).
$\Gamma 1$ .
$\mu\Phi$ (Q0, $P_{0}$ ) $+\nu$E$\delta\Phi$ (Q0, $P_{0}$ ), (9)
for arbitrary $\mu\geq 0,$ $l/\geq 0$ and $(Q_{0}, P_{0})\in\partial\Gamma 1^{\Delta}\cap \mathrm{Z}^{2}$ .





$\{(Q, P)\in \mathrm{Z}^{2}|H_{\Gamma 2}(Q, P)=1\}$ $=$ $\partial$F2$\Delta\cap$ Z2
$=$ $\{(1,0)\backslash . (0, -1), (-1,0), (1,1)\}$ .
.
$(1, 0)\mapsto(0, -1)\mapsto(-1,0)\mapsto(1,1)\mapsto$ $(1,0)$ .
$\Psi(Q_{0}, P_{0})$ . $(Q_{0}, P_{0})$ $\Gamma 2^{\Delta}\cap \mathrm{Z}^{2}$ .
$\Psi(1,0)=\{$
$(1, 0)$ , $t/\delta\equiv 0$ (lnod 4),
$(0,$ $-1)$ , $t/\delta\equiv 1$ $(\iota \mathrm{n}\mathrm{o}\mathrm{d}4)$ ,
(-1, 0), $t/\delta\equiv 2$ $(\mathrm{m}\mathrm{o}\mathrm{d} 4)$ ,
$(1, 1)$ , $t/\delta\equiv 3$ (nlod 4).
:
$\mu\Psi$ (Q0, $P_{0}$ ) $+\nu E_{\delta}\Psi(Q_{0}, P_{0})$ , (10)
for arbitrary $\mu\geq 0,$ $\nu$ \geq 0and(Q0, $P_{0}$ ) $\in\partial\Gamma 2^{\Delta}\cap \mathrm{Z}^{2}$ .
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